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Synchronized behavior has signiﬁcant social inﬂuence both in terms of everyday activities
(e.g., walking and talking) as well as via more historical contexts (e.g., cultural rituals).
Grounded in the science of coordination dynamics, previous research has revealed that
interpersonal synchrony has numerous afﬁliative and pro-social consequences, such as
enhanced rapport, cooperation, and social-cognitive functioning. The current study sought
to explore the impact of intentional synchrony versus asynchrony on an individual’s self-
esteem and their feelings of social connection with a partner. The results revealed that
individuals felt better about themselves following a period of synchronous compared to
asynchronous movement, while they also perceived a greater self-other overlap with their
partner. These ﬁndings not only extend previous research on social connections following
interpersonal synchrony, but also provide the ﬁrst demonstration of an inﬂuence on self-
evaluations. Overall, it appears that moving in time with others may result in us feeling
better about ourselves compared to moving to our own rhythm.
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“Moving briskly and keeping in time was enough to make us feel good
about ourselves, satisﬁed to be moving together, and vaguely pleased with
the world at large.”
McNeill (1995, p. 2)
INTRODUCTION
Synchronized actions are thought to lay an important founda-
tion for social exchange, enhancing cooperation, rapport, and
social-cognitive functioning. Rituals entailing collective rhyth-
mic coordination (e.g., chanting, dancing, singing, drumming)
have played a longstanding role in cultural evolution, operating
to bolster feelings of solidarity and increase prosocial behavior
(Fischer et al., 2013). Indeed, McNeill’s (1995) ﬁrst-hand obser-
vations of the so-called “muscular bonding” experienced during
military drill bear close resemblance to a burgeoning scien-
tiﬁc literature exploring interpersonal coordination from within
a complex dynamical systems framework (for overviews, see
Schmidt and Richardson, 2008; Oullier and Kelso, 2009; Marsh,
2013).
To this end, as a self-organizing system, synchrony may be seen
to serve fundamental social goals by facilitating connections with
others. If this is so, bouts of synchronous action are likely to shape
self- as well as social-evaluations, a possibility that to date has
received little attention in the extant literature. Thus, the primary
objective of the current study was to conduct a novel investiga-
tion into the effect of interpersonal synchrony on self-esteem.
As interpersonal synchrony has been revealed to have numerous
beneﬁcial consequences (e.g., afﬁliation, cooperation, cohesion)
that support social interaction, it may also be the case that such
effects extend to self-evaluations. If people are attuned to the facil-
itatory effects of coordinated action, then being prevented from
synchronizing with others may have a detrimental inﬂuence on
their assessment of the interaction, their partner, and also their
self (e.g., their self-esteem). In addition to this main aim, we also
sought to conceptually replicate previous reports of the relation-
ship between synchrony and afﬂiation (e.g., Hove and Risen, 2009;
Miles et al., 2009; Paladino et al., 2010). As the current work is
theoretically grounded in the science of coordination dynamics
(e.g., Kelso, 1995, 2009), we ﬁrst outline the principles of this
approach and the resultant implications for understanding social
functioning.
COORDINATION DYNAMICS
Compared to other forms of social coordination (e.g., mimicry,
imitation, matching) in which interlocutors’ gestures, pos-
tures, expressions, or accents correspond after a short delay,
interpersonal synchrony has the added complexity of being
temporally aligned (for a discussion of the distinction, see
Richardson et al., 2005). Moreover, unlike behavioral mimicry,
which is typically accounted for by representational or neuro-
physiological accounts (e.g., Prinz, 1997; Rizzolatti and Craighero,
2004), interpersonal synchrony is increasingly being understood
as a self-organizing system whereby, although involved, neu-
ral structures, and processes are not central to the emergence
of coordinated actions (see Coey et al., 2012). Viewed in this
way, synchrony has been mathematically modeled in terms of
the Haken–Kelso–Bunz (HKB) equation (Haken et al., 1985)
which speciﬁes that, when coupled, the oscillations of inde-
pendent agents will, via mutual inﬂuence, spontaneously settle
at one of two attractor states: in-phase (i.e., 0◦ relative phase,
same point of the movement cycle at the same time) or anti-
phase (i.e., 180◦ relative phase, opposite point of the movement
cycle at the same time). Importantly, theories of coordina-
tion dynamics assert that synchrony at all levels (i.e., from
mechanical metronomes to crowds of people) is governed by
similar self-organizing physical principles (see Kelso, 1995, 2009;
Pikovsky et al., 2001; Schmidt and Richardson, 2008; Schmidt
et al., 2011).
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That the lawful principles of coordination dynamics apply just
as much to pendulum clocks as they do to people has been well
documented. Kelso’s (1984, 1995) work on intrapersonal rhyth-
mic movement demonstrates that people can only maintain stable
in-phase or anti-phase bimanual coordination patterns. At all
other phase relationships the movements rapidly transition to
the stable states. Remarkably, the same state of affairs can be
observed interpersonally where the coupling between individuals
is of an informational nature (e.g., vision), rather than the physical
linkage of the nervous system seen in the intrapersonal context.
Schmidt et al. (1990) reported that when instructed to coordinate
oscillatory leg movements, pairs of participants could only main-
tain stability at the in-phase and anti-phase modes. Precisely the
same pattern of results was obtained without instructions to syn-
chronize – when dyads swung hand-held pendula coordination
spontaneously emerged, again only in the in-phase or anti-phase
modes (Schmidt and O’Brien, 1997). This form of interpersonal
synchrony has been shown to occur across a range of different
activities, including walking (Zivotofsky and Hausdorff, 2007),
clapping (Neda et al., 2000), and rocking on chairs (Richardson
et al., 2007). Of particular theoretical note, the characteristic prop-
erties of coordination dynamics appear to be tightly entwinedwith
the subtle nuances of social interaction, as will be outlined in the
following section.
SOCIAL INFLUENCES AND CONSEQUENCES
Despite being governed by lawful dynamical principles, mount-
ing research supports the claim that interpersonal synchrony can
be modulated by social factors and has powerful consequences
for social exchange. For instance, research has revealed that
whole-body synchronization during conversation is reduced dur-
ing arguments compared to more afﬁliative discussions (Paxton
and Dale, 2013). Work has also shown that individual differ-
ences in sociality (Schmidt et al., 1994; Lumsden et al., 2012b),
the social group status of an interaction partner (Miles et al.,
2011), or even the affective tone of a social situation (Miles
et al., 2010a) can inﬂuence the degree to which people sponta-
neously synchronize their movements. By varying social context
andmeasuring the emergence of synchrony this work suggests that
coordination can be impacted by needs or desires to afﬁliate with
others. Moreover, when regular social functioning is disrupted,
for instance for those with diagnoses of social anxiety disorder
(Varlet et al., 2014) or autism spectrum disorder (Marsh et al.,
2013), so are the dynamics of coordination. It appears that the
emergence of synchronized action ﬂuctuates in accord with social
motives.
In terms of the consequences of rhythmic coordination, the
extant evidence is consistent with the premise that synchrony
serves afﬁliative functions. Hove and Risen (2009), for exam-
ple, reported that participants whose ﬁnger taps coincided with
those of an experimenter reported liking that individual more.
Conceptually similar effects have been reported across a variety
of situations, including virtual interactions (Cacioppo et al., 2014;
Launay et al., 2014), when entraining to a musical beat along-
side a partner (Demos et al., 2012), and when making third-party
judgments of rapport (Miles et al., 2009) or entitativity (Lakens
and Stel, 2011). More broadly speaking, bouts of synchronous
activity have been shown to increase cooperation among both
adults (Wiltermuth and Heath, 2009) and 4-year-old children
(Kirschner and Tomasello, 2010), encourage compliance and con-
formist behaviour (Wiltermuth, 2012a,b), boost trust (Launay
et al., 2013), facilitate joint-action capabilities (Valdesolo et al.,
2010), enhance person memory (Macrae et al., 2008), and pro-
mote compassion and altruism (Valdesolo and DeSteno, 2011). A
recurring theme within this literature is that synchronous action
can lead to perceptions of connectedness and the blurring of self-
other boundaries between interaction partners (see also Miles
et al., 2010b; Paladino et al., 2010). In general, experiencing inter-
personal synchrony is seen to establish the common ground on
which effective social interactions unfold.
Considering the abundance of documented social beneﬁts of
joint rhythmic action, it could perhaps also be anticipated that
interpersonal synchrony will promote a positive emotional expe-
rience. Realizing the social connections afforded by coordinating
actions with others might just lead people to feel good. As it
turns out, however, anecdotal reports of an increase in posi-
tive feelings following a period of synchronization (e.g., McNeill,
1995) have little direct empirical corroboration. For instance,
in a study in which coordination was manipulated, Wiltermuth
and Heath (2009) found no difference in reported happiness rat-
ings after synchronous action compared to a no coordination
control condition. Likewise, a similar absence of self-reported
mood differences after instances of coordinated (cf. uncoordi-
nated) actions has been reported by Hove and Risen (2009) and
Wiltermuth (2012b). Where evidence has pointed to a positivity
boost following synchrony, this has tended to focus on neuro-
physiological indices rather than subjective ratings. In an fMRI
study examining the link between synchrony and its pro-social
consequences, Kokal et al. (2011) found that greater activity in
the caudate nucleus (i.e., an area associated with reward) was
associated with synchronized drumming. Furthermore, Cohen
et al. (2010) reported that following a period of high-intensity
synchronized rowing, participants experienced an endorphin
release (as indexed by increased pain thresholds) compared to
those in an equivalent solo rowing condition. Questions remain,
therefore, as to whether the physiological markers of reward
that accompany interpersonal synchrony are reﬂected in people’s
self-evaluations.
In addition to individuals’ affective responses to synchronous
interactions, the effect of interpersonal coordination on individ-
uals’ basic social needs also warrants consideration. Theorists
of human behavior have long acknowledged the primacy of
belongingness as a driver of social interaction (e.g., Freud, 1930;
Maslow, 1968; Bowlby, 1969). In a seminal work, Baumeister and
Leary (1995) hypothesized that the desire to form and maintain
non-aversive relationships with others is a fundamental human
motivation. In support of this claim they collated a wide range
of evidence to suggest that people readily form social bonds and
behave so as to resist disruption to these bonds, as well as doc-
umenting myriad examples of the negative consequences (e.g.,
physical or mental illness) of a lack of social attachment. Indeed,
even in laboratory situations, when the opportunity to form
relationships is withdrawn (e.g., by being ignored, excluded or
ostracized), people experience abevyof negative affective reactions
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(for a review see Williams, 2007). Given the critical importance
of social interaction to daily life, it is conceivable to expect that
actions which serve to establish (i.e., synchrony) or thwart (i.e.,
asynchrony) a social connection could have repercussions for an
individual’s affective functioning. To this end, here we shifted
emphasis to focus on a distinct but related aspect of people’s
evaluations—self-esteem.
CURRENT RESEARCH
While the question of whether temporal coordination inﬂuences
self-esteem is yet to be explored, predictions can bemade based on
prior research and theory. When considered as a monitor of the
quality of interpersonal functioning (i.e., sociometer theory, Leary
et al., 1995), it is generally accepted that individuals strive to pro-
tect their self-esteem. Speciﬁcally, Leary et al. (1995) suggest that
self-esteem “monitors others’ reactions and alerts the individual
to the possibility of social exclusion” (p. 518). From this perspec-
tive, self-esteem can be seen as being intrinsically linked to social
motivations and interpersonal connections, rather than simply a
view of one’s self in isolation. Thus, the presence (or absence)
of synchronization in an interaction may signal progress towards
(or away from) afﬁliative goals and, in turn, shape self-esteem.
Based on evidence from both the synchrony and self-esteem lit-
eratures, it is predicted that individuals’ self-esteem scores will be
higher following a synchronous interaction compared to an asyn-
chronous interaction. Should this be the case, not only will this
ﬁnding extend work exploring the consequences of interpersonal
synchrony, it may also indicate potential valuable applications for
synchronous activity.
Previous work has typically explored the differences between
synchronous and asynchronous interactions by manipulating
whether a confederate coordinates with the participant, or by ask-
ing participants to move at either a speciﬁed or comfortable pace
before judging whether the interaction was coordinated. However,
the issue of how intentionally avoiding phase-locked synchrony
(i.e., in-phase or anti-phase)may shape an individual’s feelings and
their experience of an interaction remains largely unexplored (but
see Launay et al., 2013, 2014). Therefore, the current study aims to
investigate the effect of intentional synchrony versus asynchrony
(i.e., avoiding synchronizing) on an individual’s self-esteem. For
the purpose of the current work, the term synchrony will be used
to refer to coordinating with a partner in an in-phase fashion,
while asynchrony will be used to refer to an absence of phase-
locking (i.e., a lack of time spent in a stable coordination mode).
While avoiding synchronization can itself be conceptualized as
a form of coordination (i.e., coordinated to ensure movements
are not at the same point of the movement cycle as a partner’s),
consistent with the established relationship between the character-
istics of coordination dynamics and social-cognitive functioning
outlined above, here we operationalize coordination as in-phase
synchrony.
In addition to the central focus on self-esteem, the cur-
rent study will also seek to extend previous work revealing a
link between synchrony and social connections by assessing the
effect of intentionally synchronizing versus avoiding synchrony
on indices of afﬁliation and affective functioning. Supported by
previous research which has assessed the effects of interpersonal
synchrony on individuals’ perceptions of their rapport or rela-
tionship with others (e.g., Hove and Risen, 2009; ; Miles et al.,
2009; Paladino et al., 2010), it is predicted that individuals will
rate their social connection with a partner as greater follow-
ing a synchronous interaction compared to an asynchronous
interaction.
To explore these questions, participants in the current study
will be instructed to perform arm curls while moving in-time or
out-of-time with a confederate’s movements. As previous research
has revealed that it can be difﬁcult to avoid coordinating with
a partner (Issartel et al., 2007), motion-tracking will be used to
conﬁrm that participants have moved as instructed. Objective
movementmeasurements, such as those employed here, have been
extensively advocated in previous research in order to eliminate
potential biases that can occur when relying on subjective rat-
ings of coordination (e.g., Lumsden et al., 2012a; Paxton and Dale,
2012; Schmidt et al., 2012; Latif et al., 2014; Stevenson Won et al.,
2014). In addition to the movement task, participants will com-
plete questionnaires designed to assess self-esteem, emotional state
and afﬁliation. Asnoted above it is anticipated that intentional syn-
chrony will result in higher self-esteem, as well as increased ratings
of social connection compared to intentional asynchrony.
MATERIALS AND METHODS
PARTICIPANTS AND DESIGN
The study had a single-factor (Coordination condition: syn-
chronous vs. asynchronous) between-participants design and was
reviewed and approved by the School of Psychology, University
of Aberdeen ethics committee. Here we report all data exclu-
sions and all tested experimental manipulations. Moreover, we
also disclose all assessed measures which were central to our cur-
rent research questions; additional pilot data obtained for a future
study will not be presented here1. A statistical power analysis was
performed using G∗Power (version 3.1.9.2; Faul et al., 2007) for
sample size estimation. An assessment of key work in the area that
has measured social-cognitive outcomes following bouts of syn-
chrony (e.g., Hove and Risen, 2009; Wiltermuth and Heath, 2009;
Valdesolo and DeSteno, 2011) revealed typically medium-to-large
effect sizes (i.e., d ≈ 0.6–1.2). Using a conservative estimated effect
size of d = 0.7, a sample size of approximately N = 68 (34 per
condition) is required to achieve 80% power (with α = 0.05).
However, during testing the data from any participants (n = 12)
who expressed suspicion regarding the veracity of the cover story
(i.e., impression formation online vs. face-to-face, see Materials
and Procedure) or the actual presence of the confederate (i.e., in
reality a video recording, see Materials and Procedure) during a
funnel debrief were removed from the dataset and replaced. This
resulted in 70 valid participants (all female, age range 17–42 years,
M = 20.6 years)2 all of whom took part in the study in exchange
for course credit. Two participants were later excluded from the
ﬁnal analysis due to failure to follow instructions. In addition,
1Subsequent to the procedure reported here we collected a measure of grip strength
using a hand dynamometer as part of a pilot study not germane to the present
investigation.
2Although the age range appears large, this is inﬂated by two participants who
were both aged 42 years. As these participants were randomly allocated to different
conditions, it was deemed that they should be included in the analysis.
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there was no movement data recorded for four participants due to
technical failures. Occasionally participants did not fully complete
all questionnaires, and this is noted where relevant in the Results
section.
MATERIALS AND PROCEDURE
Participants were welcomed into the laboratory individually and
informed that the study aimed to assess how people form impres-
sions of others across different modes of interaction (i.e., online
versus face-to-face). After consenting to take part, participants
were asked to provide their age and rate aspects of their mood
(i.e., how happy/sad/angry they were currently feeling) by mark-
ing a line on analog scales (150 mm line anchored by not at
all/verymuch). In addition, participants completed the Rosenberg
Self-esteem Scale (Rosenberg, 1965) to assess trait self-esteem, the
Liebowitz Social Anxiety Scale (LSAS; Liebowitz, 1987) tomeasure
anxiety and avoidance of social interactions and performance, and
the Need to Belong Scale (NTBS; Leary et al., 2013) to assess their
need to be accepted by others.
Next, participants were told that to explore the nature of
online interactions, they would be interacting with another par-
ticipant via video-link. This procedure was adapted from previous
research that has successfully used a similar approach (i.e., task
and cover story) to explore the spontaneous emergence of inter-
personal coordination (Miles et al., 2011; Lumsden et al., 2012b).
Participants were told that this video-link task was an impression
formation stage prior to the remainder of the procedure, thus
they were instructed not to communicate with one another but
to simply concentrate on forming a rich impression of the other
participant. Participants were also asked to perform arm curls
(i.e., arm ﬂexion/extensions) while holding a metal rod through-
out the 120 s interaction, with the cover story being that this
was to emulate more ‘real-life’ situations in which individuals are
often doing more than simply watching one another (e.g., walking
and talking). The “video-link” was in fact a pre-recorded video
of a 25-year-old female confederate in a similar laboratory, also
performing arm curls (1.5 Hz).
In order to manipulate coordination, participants were either
asked to intentionally synchronize or to avoid synchronizing.
Those in the Synchronous condition were asked to coordinate with
the other individual’s movements (i.e., to be at the same point of
the movement cycle at the same time). In contrast, participants in
the Asynchronous condition were instructed to avoid synchroniz-
ing (i.e., to ensure they were at a different point in the movement
cycle to the other participant). They were also informed that they
should not simply be at the opposite point of the movement
cycle (i.e., to avoid anti-phase as well as in-phase coordination).
Participant armmovementswere recorded at 200Hzusing electro-
goniometers (Biometrics SG-110, Biometrics Ltd, Gwent, UK)
attached across the right elbow in combination with a Biopac
M150 data acquisition unit, a Biopac DA100C ampliﬁer and Acq-
Knowldege software version 3.8.2 (Biopac Systems, Goleta, CA,
USA). Equivalent recordings of the confederate’s arm movements
were made during construction of the video.
Subsequent to the impression formation task, participants were
given a ﬁnal set of questionnaires which included ratings of mood
and the Heatherton and Polivy (1991) state self-esteem scale. This
is a 20-item scale, composed of three subscales (performance,
social, and appearance). Although the Heatherton and Polivy
(1991) scale could also have been administered prior to the interac-
tion in order to assess a change in state self-esteem, it was deemed
that the short duration of the interaction task meant that partici-
pants were likely to simply recall their original responses. Hence,
the Rosenberg (1965) scale was used pre-interaction to conﬁrm
that participants across the two conditions did not differ in trait
self-esteem.
To explore the inﬂuence of intentional synchrony compared
to asynchrony on social connection, participants were also asked
to rate their self-other overlap with the confederate using the
Inclusion of Other in the Self Scale (IOS; Aron et al., 1992). The
IOS requires participants to select which of seven pairs of cir-
cles (of increasing closeness) best depicts their relationship. In
addition to the IOS, participants rated their afﬁliation with the
confederate (i.e., how connected with them they felt; how like-
able they were; how close they felt; how similar they were) by
marking a line on analog scales (150 mm line anchored by not
at all/very much). Equivalent items have been combined to create
a single measure of emotional connection in previous research
(see Wiltermuth, 2012a), a practice we adopted here. Partici-
pants were also asked to use a 10-point Likert scale to rate how
much mental and physical effort was required to complete the
task (0 = very little, 9 = maximum), how coordinated their
movements were with the confederate (0 = not coordinated,
9 = perfectly coordinated), as well as their success at following
the coordination instructions (0 = not at all, 9 = very success-
ful). Finally, participants were funnel-debriefed to assess whether
they had any suspicions regarding the study rationale, cover
story, or actual presence of the confederate (see Participants and
Design).
DATA REDUCTION
Prior to analysis the ﬁrst 4 s of movement data for each interaction
was removed in order to eliminate transients that may occur dur-
ing the initiation of the arm curls. Next, to prepare the data for the
calculation of relative phase, each time series was centered around
0 and low-pass ﬁltered using a 10 Hz Butterworth ﬁlter. Coordi-
nation between participant and confederate arm movements was
then estimated for each participant individually. Relative phase
was normalized to a range of 0◦–180◦ and the distribution of rela-
tive phase angles across nine 20◦ phase regions (0–20◦, 21–40◦, . . .
161–180◦) was determined by calculating the frequency of coor-
dination occurring within each of these regions. Thus, for each
participant, their raw movement data (relative to the confederate)
were reduced to estimates of the time spent in each of nine relative
phase regions during the interaction stage of the procedure. Coor-
dination is indicated by a concentration of relative phase angles in
the regions of the distribution near 0◦ (i.e., in-phase coordination)
and/or 180◦ (i.e., anti-phase coordination).
RESULTS
PRE-INTERACTION MEASURES
Independent samples t-testswere conducted to ensure participants
across the two conditions did not differ in terms of factors likely
to inﬂuence the formation of social connections. As displayed in
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Table 1, there were no differences between participants in the
synchrony and asynchrony conditions with respect to trait self-
esteem (Rosenberg, 1965), social anxiety (Liebowitz, 1987), or
need to belong (Leary et al., 2013). Moreover, the two groups were
equivalent in age.
COORDINATION
To conﬁrm that the participants had successfully followed
the coordination instructions (i.e., either synchronized or
avoided synchronizing), a 2 (Condition: synchronous vs. asyn-
chronous) × 9 (Relative Phase Region: 0–20◦, 21–40◦, … 161–
180◦) mixed-model ANOVA, with repeated measures on the
second factor, was conducted. The analysis revealed a main effect
of Relative Phase Region, F(8,496) = 279.5, p < 0.001, η2p = 0.82,
which was qualiﬁed by a Condition × Relative Phase Region
interaction, F(8,496) = 265.5, p < 0.001, η2p = 0.81. As can be
seen in Figure 1, participants in the synchronous condition spent
the majority of time moving in-phase (i.e., in the 0–20◦ rela-
tive phase region) with the confederate, while participants in the
asynchronous condition spent equivalent proportions of the inter-
action across all nine phase regions (i.e., they did not synchronize).
A follow-up t-test revealed, as anticipated, more time was spent
in-phase with the confederate if they had been instructed to syn-
chronize (M = 66.3%, SD = 14.2%) compared to if they had
been instructed not to (M = 11.7%, SD = 5.8%), t(41.4) = 20.53,
p < 0.001, d = 6.4, 95% CI of mean difference: 49.3, 60.1. In
addition, a comparison of mean movement frequency between
conditions revealed no difference, t(39.1) = −1.01, p = 0.32,
95% CI of mean difference: −0.4, 0.2, suggesting that partici-
pants in the asynchrony condition did not simply systematically
speed up or slow down their movements in order to avoid
coordination. Thus, the objectively measured movement data
suggests that participants successfully adhered to the instructions
given.
In line with these measurements, participants’ subjective rat-
ings of coordination were higher for those in the synchronous
FIGURE 1 | Distribution of the relative phase relationship between
participant and confederate arm movements as a function of
coordination condition (i.e., synchrony or asynchrony).
(M = 6.4, SD = 1.4) than the asynchronous (M = 3.2, SD = 1.8)
condition, t(62) = 8.12, p < 0.001, d = 2.1, 95% CI of
mean difference: 2.5, 4.1, as were estimates of success in fol-
lowing the coordination instructions, synchronous: M = 6.8,
SD = 1.4, asynchronous: M = 4.4, SD = 1.9, t(57.6) = 5.93,
p < 0.001, d = 1.6, 95% CI of mean difference: 1.6, 3.3.
Although there was no difference in participants’ ratings of
the physical effort required to perform the task, t(62) = 1.32,
p = 0.19, 95% CI of mean difference: −0.2, 1.2, there was a
marginal effect in terms of reports of mental effort, t(62) = −1.9,
p = 0.06, d = 0.5, 95% CI of mean difference: −2.1, 0.4,
whereby those in the asynchronous condition reported exerting
more mental effort in order to remain uncoordinated with the
confederate (M = 3.9, SD = 2.4) than participants in the syn-
chronous condition exerted to remain coordinated (M = 2.9,
SD = 1.8).
Table 1 | Pre-interaction measures as a function of condition.
Measure Condition
Synchrony Asynchrony
M (SD) M (SD)
95% C.I. of mean
difference t df p
Self-esteem (trait)a 25.3 (2.1) 25.6 (2.3) −1.4, 0.8 −0.58 65d 0.56
Social-anxiety (total)b 46.8 (23.2) 50.0 (18.4) −13.4, 6.9 −0.64 66 0.53
Fear (performance) 14.3 (6.6) 14.8 (4.5) −3.2, 2,2 −0.37 58.3e 0.72
Fear (social) 11.2 (6.3) 12.4 (5.4) −4.1, 1.6 −0.87 66 0.39
Avoid (performance) 10.5 (6.5) 11.4 (5.4) −3.7, 2.0 −0.59 66 0.56
Avoid (social) 10.8 (6.5) 11.4 (6.1) −3.7, 2.4 −0.43 66 0.67
Need to belongc 33.6 (5.6) 35.6 (5.8) −4.9, 0.7 −1.50 66 0.14
Age (years) 20.9 (4.8) 20.3 (4.2) −1.5, 2.8 −0.60 66 0.55
Notes: aRosenberg (1965); bLiebowitz (1987); c Leary et al. (2013); done participant in the asynchrony condition did not complete the trait self-esteem questionnaire;
eLevene’s test revealed that the assumption of homogeneity of variance was not met, hence a t-test for unequal variance is reported.
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MOOD
In order to examine whether there was any effect of coordina-
tion condition on mood, separate 2 (Coordination condition:
Synchronous vs. Asynchronous) × 2 (Time: Pre-interaction vs.
Post-interaction) mixed-model ANOVAs, with repeated measures
on the second factor, were conducted on ratings of happiness,
sadness, and anger (see Table 2 for descriptive statistics). For hap-
piness ratings, there were no signiﬁcant effects (all F’s ≤ 1.9),
indicating that participants’ happiness levels did not differ across
coordination condition and did not change subsequent to the
interaction task. For sadness ratings, only a main effect of time
was found, F(1,65) = 4.69, p = 0.03, η2p = 0.07. Inspection of
the means revealed that individuals generally rated themselves as
feeling less sad after the interaction (M = 13.2, SD = 20.5) com-
pared to their initial ratings (M = 16.8, SD = 18.7, 95% CI of
mean difference: 0.3, 6.8). Finally, in terms of ratings of anger,
there was a signiﬁcant Coordination condition × Time interac-
tion, F(1,66) = 4.04, p = 0.049, η2p = 0.06. Follow-up t-tests
revealed that while there was no change in anger ratings for par-
ticipants in the synchronous condition, t(33) = −0.46, p = 0.64,
95% CI of mean difference: −4.1, 2.6, those in the asynchronous
condition reported a decrease in anger over time, t(33) = −2.73,
p = 0.01, d = 1.0, 95% CI of mean difference: 0.9, 5.8. It should
be noted, however, that anger levels did not differ as a function of
group either pre-, t(66) = −1.6, p = 0.12, 95% CI of mean differ-
ence: −14.3, 1.6, or post-interaction, t(66) = −0.6, p = 0.58, 95%
CI of mean difference: −10.2, 5.7, and reported levels of anger
were in fact very low (i.e., means ranged from ≈6 to ≈12 on a 120
point analog scale, where 0 = no anger at all).
POST-INTERACTION MEASURES
Our primary analyses concerned the effect of coordination on
self-esteem and perceived social connection. Initially we con-
ducted a one-way (Coordination condition: synchronous vs. asyn-
chronous)multivariate analysis of variance (MANOVA) with IOS,
Table 2 | Descriptive statistics of mood ratings.
Measure Condition
Synchrony Asynchrony
M (SD) M (SD)
Happy
Pre-interaction 90.6 (17.2) 85.0 (14.7)
Post-interaction 89.6 (14.7) 83.3 (20.1)
Sad
Pre-interaction 18.2 (23.3) 15.3 (12.6)
Post-interaction 14.6 (25.6) 11.8 (13.6)
Angry
Pre-interaction 6.1 (12.5) 12.4 (19.5)a
Post-interaction 6.8 (16.9) 9.1 (16.0)b
Ratings were made on 120 mm analog scales anchored by “Not at all” and “Very
much.” Means with different subscripts differ at p = 0.01.
afﬁliation composite score3, and state self-esteem (i.e., total score)
as dependent variables. This revealed a statistically signiﬁcant
effect as a function of coordination condition, F(3,61) = 3.29,
p = 0.03, Wilk’s  = 0.861, η2p = 0.14. We then followed up this
analysis with separate univariate analyses of variance (ANOVA) as
displayed in Table 3.
SELF-OTHER OVERLAP
A follow-up one-way univariate ANOVA indicated that partic-
ipants reported signiﬁcantly greater self-other overlap with the
confederate on the IOS scale (Aron et al., 1992) following inten-
tional synchrony (M = 2.2.; SD = 1.2) compared to asynchrony
(M = 1.7; SD = 1.1), F(1,63) = 4.22, p = 0.04, η2p = 0.06, 95% CI
of mean difference: 0.2, 1.2 (see Table 3).
AFFILIATION
In contrast, there was no effect of coordination condition on the
afﬁliation composite score, F(1,63) = 0.92, p = 0.34, 95% CI of
mean difference: −18.2, 73.6 (see Table 3).
STATE SELF-ESTEEM
Although there was no difference between conditions in trait self-
esteem when measured prior to the interaction, the follow-up
univariate ANOVA indicated that participants reported over-
all higher levels of state self-esteem following a synchronous
(M = 74.4, SD = 10.2) compared to an asynchronous interac-
tion (M = 69.2; SD = 9.9), F(1,63) = 4.38, p = 0.04, η2p = 0.07,
95% CI of mean difference: 0.3, 10.2 (see Table 3).
CONFIRMATORY DISCRIMINANT FUNCTION ANALYSIS
Although the initial MANOVA revealed a signiﬁcant difference as
a function of condition, the three follow-up univariate ANOVAs
reported above (i.e., for IOS, afﬁliation and state self-esteem) are
only hypothetically protected from elevated Type I error rates as
a function of multiple comparisons. As such we also conducted
a discriminant function analysis to conﬁrm these ﬁndings as rec-
ommended by Field (2013). This revealed a single discriminant
function that signiﬁcantly differentiated the coordination condi-
tions, = 0.86, χ2 (3) = 9.22, p = 0.03. The correlation between
the outcome variables and the discriminant function revealed that
self-esteem (r = 0.66) and IOS (r = 0.64) loaded more highly
than afﬁliation (r = 0.30), indicating that ratings of self-esteem
and self-other overlap are the strongest predictors of coordination
condition, thereby conﬁrming the initial analyses.
SELF-ESTEEM SUBSCALES
Finally, we also inspected differences as a function of coordination
condition across the three self-esteem subscales using (Bonfer-
roni corrected) t-tests (see Table 4). While the trends indicated
that all aspects of self-esteem followed the same general pattern
(i.e., synchronous > asynchronous), only the appearance subscale
approached signiﬁcance, t(64) = 2.4, p = 0.06, d = 0.6, 95% CI
of mean difference: 0.4, 4.7, suggesting that this aspect may have
3In line with previous research (i.e., Wiltermuth, 2012a), a composite score of the
four afﬁliation items (i.e., liking, connectedness, similarity, closeness; Cronbach’s
α = 0.75) was calculated to produce a single measure.
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Table 3 | Post-interaction measures as a function of condition.
Measure Condition
Synchrony Asynchrony
M (SD) M (SD)
95% CI of mean
difference F df p η2p
IOSa 2.2 (1.2) 1.7 (1.1) 0.2, 1.2 4.2 1,63 0.04 0.06
Afﬁliationb 221.4 (97.0) 193.7 (89.1) −18.2, 73.6 0.9 1,63 0.34 0.01
State self-esteemc 74.4 (10.2) 69.2 (9.9) 0.3, 10.2 4.4 1,63 0.04 0.07
aInclusion of other in the self scale Aron et al. (1992); bcomposite of ratings of “connectedness,” “likability,” “closeness” and “similarity” all made on 150 mm analog
scales anchored by “not at all” and “very much”; cHeatherton and Polivy (1991).
Table 4 | State self-esteem subscales as a function of condition.
Measure Condition
Synchrony Asynchrony
M (SD) M (SD)
95% CI
(difference) t df pa d
Performance 27.6 (3.3) 26.4 (3.8) −0.5, 3.0 1.3 64 0.51 0.32
Social 26.7 (4.7) 25.2 (4.4) −0.8, 3.7 1.3 64 0.60 0.32
Appearance 20.1 (4.5) 17.6 (4.3) 0.4, 4.7 2.3 64 0.06 0.57
ap-values are Bonferonni corrected for multiple (i.e., 3) comparisons.
been driving the overall self-esteem effect more so than the per-
formance, t(64)= 1.4, p = 0.51, 95%CI of mean difference: −0.5,
3.0, or social subscales, t(64) = 1.3, p = 0.60, 95% CI of mean
difference: −0.8, 3.7.
DISCUSSION
The current study aimed to examine whether intentionally syn-
chronizing or avoiding synchronizing with a partner inﬂuences
self and social perceptions. The results revealed that coordi-
nation condition had a signiﬁcant impact on how individuals
appraised themselves, as well as aspects of how they view their
relationship with a partner. In terms of perceptions of self, the
results showed that individuals had higher self-esteem following
a period of intentional synchronous movement with a confeder-
ate compared to equivalent, but asynchronous, movement. To our
knowledge, this is the ﬁrst empirical demonstration of an effect of
interpersonal synchrony on self-esteem. Pre-interaction measures
indicated that this was not the result of between-group differences
in trait self-esteem, need to belong, or social anxiety. Therefore
this evidence extends previous research exploring the outcomes
of interpersonal coordination which has revealed that moving
in time with others can enhance liking (Hove and Risen, 2009),
pro-social behavior (Wiltermuth and Heath, 2009; Kirschner and
Tomasello, 2010) and person perception (Macrae et al., 2008), by
revealing that interpersonal synchrony can shape self- as well as
social-evaluations.
In addition to our central research aim of exploring the
effect of intentional synchronization on self-esteem, the results
also revealed that participants in the synchronous condition
perceived greater self-other overlap with the confederate com-
pared to those in the asynchronous condition. This ﬁnding builds
on previous research that has examined the consequences of
individuals being brushed on the cheek while viewing some-
one else being brushed either in synchrony or asynchrony
(Paladino et al., 2010). Paladino et al. (2010) reported higher IOS
ratings (i.e., participants’ perceived closer relationships) follow-
ing synchronous compared to asynchronous brushing. The results
presented in the current study reveal that similar effects emerge
when the participant is the one responsible for executing the pat-
tern of movement (i.e., perceived self-other overlap was greater
after participants performed synchronous compared to asyn-
chronous arm curls). Despite coordination being determined by
the instructions provided by the experimenter, perceptions of the
connectionwith a partner (i.e., self-other overlap) were inﬂuenced
by the participants’movements. Thus, the current study also repli-
cates and extends previous work examining intentional synchrony
versus asynchrony in a minimally social virtual interaction (see
Launay et al., 2013, 2014) by demonstrating conceptually consis-
tent effects when the interaction partner has a more meaningful
presence.
However, it should be noted that the afﬁliation composite score
was not found to be inﬂuenced by the coordination condition
in the same manner as self-other overlap. This ﬁnding is not in
line with other work which has assessed rapport and emotional
connections following synchronous activity (e.g., Hove and Risen,
2009; Wiltermuth, 2012a), although one explanation may be that
this aspect of social connection is dependent on the nature of the
coordination context (e.g., the degree to which synchronization
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is intentional, incidental or spontaneous). To this end it should
be noted that related work conducted in an experimental context
similar to that employed here (i.e., Miles et al., 2011), but with
spontaneous rather than instructed coordination, also failed to
ﬁnd a difference in liking for a confederate after an interaction
period (also see Paxton and Dale, 2012). Further work is required
to establish the precise conditions under which synchrony shapes
perceptions of afﬁliation.
In terms of self-esteem, questions remain as to the mechanisms
by which arm curls, and speciﬁcally whether or not they are coor-
dinated in an in-phase fashion with those of a partner’s, can affect
an individual’s evaluation of self. McNeill (1995) has previously
noted that synchronization “makes us feel good about ourselves”
(p. 2), a suggestion corroborated by the present data. But why
might this be the case? Follow-up research could seek to consider
two possible explanations. First, consistent with the sociometer
hypothesis of self-esteem (Leary et al., 1995), changes in perceived
self-other overlap with the confederate may have mediated the
effect of coordination condition. The instruction to avoid syn-
chronizing may have challenged an individual’s natural desire to
form and maintain social connections, subsequently triggering a
change in self-esteem compared to those in the synchronous con-
dition. From this perspective it could be argued that the afﬁliative
function served by synchronous interaction provides the impetus
for the range of subsequent effects documented in the literature
(e.g., cooperation, compliance, pro-sociality). On the other hand,
it is possible that the nature and characteristics of coordination
(e.g., relative phase) are of primary importance, directly shaping
social-cognitive outcomes. This would ground the social conse-
quences of synchrony directly in the relational structures that
emerge from social exchange, and could potentially allow social
psychologists to entertain explanatory devices that are divorced
from the so-called top-down information-processing approach
(see also Schmidt andRichardson,2008;Marsh et al., 2009;Macrae
and Miles, 2012; Marsh, 2013). Future research exploring these
potential explanations in a more focused follow-up study would
be encouraged.
It is also reasonable to question why the effects of synchrony
on self-esteem appeared to be most prominent when considered
in terms of appearance. First, we must emphasize that caution
should be exercised when interpreting the results of the subscale
analysis as the difference in appearance ratings was technically not
signiﬁcant once Bonferroni corrections for multiple comparisons
were made (corrected p value = 0.06). Although speculative (and
post hoc), here we suggest that the context of the interaction (i.e.,
an impression formation task) may have played a role. Noting that
participants believed that their interaction partner was also form-
ing an impression of them, it is possible that their asynchronous
movements contributed to a form of ‘spot-light’ effect (i.e., an
over-estimation of the extent to which actions and appearance are
believed to be noticed by others, Gilovich et al., 2000, 2001). Pre-
vious work has proposed that stable forms of coordination (i.e.,
in-phase synchrony) results in amore interdependent (i.e.,“we”vs.
“you andme”) social mind-set (Miles et al., 2010b). Following this
logic, the more independent construal promoted by asynchrony
may have led to not only increased self-focus (i.e., self-evaluation)
but also heightened the extent to which participants felt evaluated
by their interaction partner. Feeling individuated and knowing
that another person is evaluating you based only on your visual
appearance may lead people to dwell on the negative aspects of
how they look. Of course, it is possible that different task contexts
(e.g., joint or collaborative action cf. impression formation), indi-
vidual differences (e.g., some individuals may not show the same
effects on self-esteem) or gender may inﬂuence the different com-
ponents of self-esteem (i.e., the social and performance subscales),
however this awaits further exploration.
While the impact of coordination condition on mood was not
a central focus of the current study, the ﬁndings require some
consideration. Both anecdotal evidence (e.g., McNeill, 1995) and
the sociality inherent to synchronous action point to this form of
coordination serving as a “mood-enhancer,” potentially increas-
ing positive and/or decreasing negative affect. Yet, neither the
present results nor the extant literature (e.g.,Hove andRisen,2009;
Wiltermuth and Heath, 2009; Wiltermuth, 2012b) provide strong
evidence in support of this supposition. Herewe found no effect of
intentional synchrony (cf. asynchrony) on rated happiness or sad-
ness4. Unexpectedly however, participants in the asynchronous
condition reported feeling less angry following the interaction
period. Although we know of no theoretical basis for this ﬁnding,
and advise caution when interpreting this result for practical sig-
niﬁcance due to the very low levels of reported anger (see Results
section), future research focused on veriﬁcation of this effect is
warranted.
Although coordination was not observed to systematically
inﬂuence mood in the current study, this is a distinct construct
from state self-esteem (see Heatherton and Polivy, 1991) and as
such it is not entirely puzzling that coordination has been shown
here to inﬂuence one but not the other. Nevertheless, it is possi-
ble that there are indeed changes in affect following synchronous
versus asynchronous interactions that were not picked up by the
self-report ratings used here. The self-esteem literature indicates
that perhaps we should turn our attention to different emotions
in the search to discover the affective consequences of rhythmic
synchrony. Indeed, research has revealed that certain emotional
states may have stronger links to self-esteem than others. For
instance, Brown and Marshall (2001) found that scores on the
Rosenberg Self-esteem Scale (Rosenberg, 1965) were predictive
of self-relevant emotions (e.g., pride) but not non-self-relevant
emotions (e.g., enthusiasm). They argue that self-relevant emo-
tional states are more closely tied to a person’s self-worth and their
appraisal of how they feel about themselves. Hence, rather than
focusing on a relatively narrow selection of primary emotional
states (e.g., anger, happiness, sadness), future work should con-
sider whether self-relevant emotions are altered by a period of
interpersonal synchrony.
It is also vital to consider the generalizability of the obtained
ﬁndings and seek to improve this in subsequent research. The par-
ticipants in the current study were female, predominantly White,
and were asked to engage in an impression formation task with a
confederate of the same social group (i.e., White, female, similar
4Although it should be noted that taking part in the “video-link” impression forma-
tion task led to decreased ratings of sadness independent of the instructed mode of
coordination (i.e., synchronous vs. asynchronous).
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age). The decision to restrict the study to same-sex interactionswas
due to previous research which has revealed that group member-
ship can inﬂuence synchronization (Miles et al., 2011). Moreover,
it is possible that there may be sex differences in the extent to
which individuals spontaneously synchronize with a partner, as
well as in the effects that interpersonal coordination may produce,
although this is yet to be investigated. Therefore, it will important
to extend both the current work, and the general body of research
on interpersonal coordination, by exploring whether the effect of
synchronization on self-esteem is modulated by factors such as
sex, race, age and task context.
In addition, future research should also look to explore the
direction of the current effects (i.e., whether knowingly synchro-
nizing with someone increases self-esteem, purposely avoiding
coordinating in a stable mode lowers self-esteem, or in fact
both). Should synchrony be shown to boost self-esteem, it may
be possible to implement a form of “self-help” intervention by
encouraging coordinated movement as a means to enhance peo-
ple’s self-evaluations. While the aim of the present study was
to conduct an investigation into the effects of intentional syn-
chrony versus asynchrony on self-esteem, the results indicate that
this question of directionality now warrants further considera-
tion. One option is to introduce a control condition, however
it is questionable what form this should take. While rare in the
relevant extant literature, where control comparisons have been
employed these have typically taken the form of a no move-
ment condition (e.g., Macrae et al., 2008; Hove and Risen, 2009;
Wiltermuth, 2012a). In terms of the present procedure, a nomove-
ment control condition may introduce increased levels of social
awkwardness during the impression formation task, which would
ostensibly become 2 min of non-communicative staring. Alterna-
tively, some form of visual occlusion could be employed such that
participants still performed arm curls but without information
pertaining to coordination mode, however, this would also likely
disrupt how impressions were formed as large parts of each indi-
vidual would not be visible. Another option would be to include
a no instruction control condition in order to explore how the
instructions themselves inﬂuenced the relationship between syn-
chronization and self-esteem. Perhaps a more surreptitious means
to evaluate pre-interaction state self-esteem than was feasible in
the present study offers the most effective solution here. More-
over, this may allow a repeated-measures design in which it is
possible to assess self-esteem subsequent to both a synchronous
and asynchronous interaction. These would all be valuable next
steps for researchers wishing to develop the current ﬁndings.
To conclude, it appears that the way in which an individual
moves in relation to a partner (i.e., whether they intentionally
synchronize with their movements or not) can have a inﬂu-
ence on how they feel about themselves, as well as how they
perceive their connection (i.e., self-other overlap) with their
partner. Of note, it appears that keeping in time with others
may be a better means to feel good about ourselves than mov-
ing to our own beat. This ﬁnding extends previous research
exploring the consequences of interpersonal synchrony by high-
lighting for the ﬁrst time that this form of coordination not
only inﬂuences interpersonal outcomes (e.g., afﬁliation, coop-
eration and joint action) but can also affect one’s self-esteem.
Future work should seek to uncover the potential applications
of this ﬁnding by examining whether encouraging individuals to
participate in activities that involve moving in-time with others,
rather than out-of-time, may be an effective tool to help improve
self-esteem.
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